Background. Incidental pancreatic cysts are common, a small number of which are premalignant or malignant. Multidisciplinary care has been shown to alter management and improve outcomes in many types of cancers, but its role has not been examined in patients with pancreatic cysts. We assessed the effect of a multidisciplinary pancreatic cyst clinic (MPCC) on the diagnosis and management of patients with pancreatic cysts. Methods. The referring institution and MPCC diagnosis and management plan were recorded. Patient were placed into one of five categories-no, low, intermediate, or high risk of malignancy within the cyst, and malignant cyst-on the basis of their diagnosis. Patients were assigned one of four management options: surveillance, surgical resection, further evaluation, or discharge with no further follow-up required. The MPCC was deemed to have altered patient care if the patient was assigned a different risk or management category after the MPCC review. Results. Referring institution records were available for 262 patients (198 women; mean age 62.7 years), with data on risk category available in 138 patients and management category in 225. The most common diagnosis was branch duct intraductal papillary mucinous neoplasm. MPCC review altered the risk category in 11 (8.0%) of 138 patients. The management category was altered in 68 (30.2%) of 225 patients. Management was increased in 52 patients, including 22 patients who were recommended surgical resection. Management was decreased in 16 patients, including 10 who had their recommendation changed from surgery to surveillance. Conclusions. MPCC is helpful and alters the management over 30% of patients.
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Incidental pancreatic cysts are common diagnoses, with asymptomatic cysts identified in 2.6 % of individuals undergoing abdominal computed tomographic (CT) scan. 1 Pancreatic cysts represent a spectrum of disease ranging from benign to malignant lesions, which include both inflammatory and neoplastic processes. Although the majority of pancreatic cysts are benign, certain types are either precursors to malignancy or occur in association with a malignancy.
Each type of cyst is associated with unique biology and a different risk of malignancy (Fig. 1 ). Inflammatory cysts, or pseudocysts, are the sequelae of acute pancreatitis and have no malignant potential. In contrast, the risk of Anne Marie Lennon and Lindsey L. Manos contributed equally to this article, and both should be considered first author.
Electronic supplementary material The online version of this article (doi:10.1245/s10434-014-3739-x) contains supplementary material, which is available to authorized users. malignancy in cystic neoplasms varies greatly. Serous cystadenoma (SCA) have essentially no malignant potential, while mucin-producing neoplasms are precursors to invasive ductal adenocarcinoma, and their risk of malignancy depends on certain features. The risk is considered intermediate for most branch duct intraductal papillary mucinous neoplasms (IPMN) and high for main duct IPMN, branch duct IPMN with a solid component, mixed type IPMN, and mucinous cystic neoplasms (MCN). Finally, some pancreatic neoplasms can present as cysts, such as solid pseudopapillary neoplasm and cystic pancreatic neuroendocrine neoplasm. Patients with pancreatic cysts of a low or intermediate risk of malignant transformation are suitable for surveillance, whereas those with high-risk lesions or those with malignant cysts (cystic degeneration of an adenocarcinoma, invasive IPMN, pancreatic neuroendocrine tumors, or solid pseudopapillary tumors) should undergo surgical resection. 2, 3 The management of patients with a pancreatic cyst greatly relies on determining the type of the cyst. The determination of cyst type is made on the basis of clinical information, imaging characteristics, and cyst fluid analysis. The accuracy of making this determination is limited by the lack of definitive markers of each cyst type, and a wrong diagnosis is made in a significant number of patients. This is evidenced by the fact the over 20 % of resected pancreatic cysts are found to be benign. 4 The management of patients with cystic neoplasms is complex and has the potential to benefit from input by multiple disciplines.
Multidisciplinary care has been shown to alter management and improve outcomes in many types of cancers. [5] [6] [7] Both the Commission on Cancer and the American College of Surgeons require multidisciplinary conferences for the accreditation of cancer centers delivering multidisciplinary care. In patients with pancreatic cancer, a multidisciplinary clinic has been observed to alter management in over 20 % of patients. 8 However, to our knowledge, there are no studies reporting the effect of a multidisciplinary clinic on the management of patients with pancreatic cysts.
A multidisciplinary outpatient clinic dedicated exclusively to patients with pancreatic cysts was established at our institution in November 2010. The purpose of the clinic is to provide a comprehensive multispecialty evaluation for patients with pancreatic cysts. The aim of this study was to assess the effect of this multidisciplinary clinic on the diagnosis and management of patients with pancreatic cysts.
METHODS
The study was approved by the institutional review board for human research and complied with Health Insurance Portability and Accountability Act regulations.
Multidisciplinary Pancreatic Cyst Clinic
The multidisciplinary pancreatic cyst clinic (MPCC) is conducted on a weekly basis. The MPCC sees both new and return patients with pancreatic cysts. Patients are first assessed by a gastroenterologist and pancreatic surgeon, with the physicians and trained pancreatic cyst clinic advanced practitioners (physician assistant and nurse practitioner) providing education on the various types of pancreatic cysts and their management. Each case is then presented at a multidisciplinary conference that consists of five pancreatic surgeons, CT and magnetic resonance imaging (MRI) radiologists, pancreatic pathologists, cytopathologist, and a gastroenterologist who is an expert pancreatic endosonographer. The patients' clinical history, radiological imaging, endoscopic ultrasound, cytology, and cyst fluid analysis are reviewed. The CT and MRI images are reviewed by a pancreatic CT and MRI radiologist, while a cytopathologist presents any cases in which there is marked atypia or a suspicion of malignancy. In addition, the patient's goals and preferences are presented to the group. A consensus diagnosis is made on the basis of review of the imaging features, cyst fluid analysis, and cytology, and treatment recommendations are provided.
The management of pancreatic cysts is one of the following: no further follow-up, surveillance, or surgical resection based on the estimated risk of malignant transformation. The management recommendations usually follow the International Consensus Criteria for the management of pancreatic cysts. 2, 3 These guidelines recommend consideration of surgical resection in patients with main duct IPMN, patients with an enhancing solid component within the cyst, or those presenting with obstructive jaundice resulting from a pancreatic cyst. 2, 3 In addition, patients who have a definite mural nodule, a main pancreatic duct measuring 5 to 9 mm but with features suspicious for main duct involvement, or those in which the cyst fluid cytology is suspicious or positive for malignancy should be considered for surgical resection. 2 In the original guidelines, surgical resection was recommended for all branch duct IPMN that measured over 3 cm 3 ; however, according to the 2012 guidelines, surveillance can be considered, particularly if the patient is older or is a poor surgical candidate. 2 The most recent guidelines and surveillance intervals are shown in Supplementary Fig. 1 .
Patients
We included in our analysis all new referrals to the MPCC. These included patients with a known pancreatic cyst diagnosed at another institution but newly referred to the MPCC as well as patients with a new diagnosis of a pancreatic cyst made at our institution. The referring clinic and MPCC records of consecutive patients assessed at the MPCC from November 2010 to December 2011 were reviewed. Patients who did not undergo surgical resection were followed until November 2013. Patients with no referring records were excluded from the study.
Effect of MPCC Review on Patient Diagnosis and Risk of Malignant Transformation
The referring and MPCC diagnoses were recorded. Referring diagnoses were placed in one of five different categories on the basis of the risk of malignancy or progression to malignancy of the pancreatic cyst (Fig. 1 ). Cysts such as pseudocysts and patients referred with cystic lesions on outside imaging that on review were judged to be noncystic pancreatic lesions such as a focal fat deposition were considered to harbor no risk of malignancy. Cysts considered to be SCA were considered to be at low risk of malignant progression. Branch duct IPMN with no worrisome features was defined as intermediate risk. 2, 3 Mixed and main duct IPMN, branch duct IPMN with suspicious features, and MCN were considered high risk for malignant transformation. The final category consisted of malignant cysts and included cystic degeneration of an adenocarcinoma, invasive adenocarcinoma arising in an IPMN, pancreatic neuroendocrine tumors, and solid pseudopapillary neoplasms. Patients were determined to have an unclear diagnosis if multiple different diagnoses were given that crossed risk categories. A significant change was deemed to have been made if the risk category assigned to the cyst changed after MPCC review. Patients were excluded from this analysis if they were referred with an unknown or unclear diagnosis because it would not be possible to determine what effect the MPCC review had on their risk category.
Effect of MPCC Review on Management
The management recommendations the patients received at the MPCC and at the referring institution were documented. Patients who did not have a management plan documented were excluded from this analysis. Patients were assigned one of four management options: surveillance, surgical resection, further evaluation, or discharge with no further follow-up. The MPCC was determined to have altered the management of a patient if the MPCC consensus recommendation changed the management category.
Statistical Analysis
Demographics, changes in diagnosis, risk of malignant transformation, and management were compared by the chi-square test.
RESULTS
The MPCC assessed 305 new patients during the study period. Clinical records from the referring institution were not available for 43 patients, who were excluded from this study, thus leaving 262 patients (198 women; mean age 62.7 years, range 19-87 years) available for analysis.
Referring Institution versus MPCC Diagnosis
The referring institution and the MPCC diagnosis for all 262 patients are shown in Table 1 . The most common diagnosis in both groups was branch duct IPMN (43.1 and 67.2 %, respectively). The etiology of the cyst was unclear in 46.6 % in the cases referred from referring institutions, while only 14.5 % of the cysts were classified as having an unclear etiology after review by the MPCC.
Change in Risk Category after MPCC Review
The change in risk category after MPCC review is shown in Table 2 . Of the 262 patients, 124 were excluded from this analysis because there was either an unclear or no outside diagnosis, leaving 138 patients who had a diagnostic classification at the time of referral. The MPCC review altered the risk category in 11 (8 %) of 138 patients. Seven patients (5.1 %) had their risk category decreased (Supplementary Table 1 ). Five cases were reclassified as branch duct IPMN that had been previously classified as main/mixed IPMN (n = 1), MCN (n = 2), and suspicious for neoplasm (n = 2). One patient whose cyst was considered suspicious for cancer before attending the MPCC was found to have a microcystic cyst and was reclassified as a SCA. Another patient whose cyst was classified as a branch duct IPMN before our assessment was reclassified as having a pseudocyst. Four patients (2.9 %) had their risk category increased (Supplementary Table 2 ). One patient initially classified as having a pseudocyst was reclassified as having a branch duct IPMN; another patient initially classified as having a SCA was reclassified as having a branch duct IPMN; and two patients initially classified as having branch duct IPMN were reclassified as having mixed IPMN (Supplementary Table 2 ). There was no change in risk category in 109 patients (79 %). In 18 patients (13.0 %), the change in risk could not be determined because the etiology of the cyst was unclear even after MPCC review.
Effect of MPCC Review on Patient Treatment
The referring institution and MPCC management recommendations are presented in Table 3 . Of the 262 patients in the study, 37 (14.1 %) had no management plan from the referring institution and were excluded from this analysis. Of the 225 patients with a management plan from the referring institution, the MPCC review altered the management of 68 patients (30.2 %) ( Table 4 ). There was an escalation in management in 52 patients (23.1 %). This included 22 patients whose management was changed to surgical resection. For patients in whom the management was changed to surgery, the pathologic diagnosis correlated with the MPCC diagnosis in 18 cases (82 %) (Supplementary Table 3 ). In contrast, 16 patients (7.1 %) had a decrease in their management plan, including 10 (4.4 %) in whom the recommendation was changed from surgery to surveillance after MPCC review (Supplementary Table 4 ). Further evaluation was recommended in 40 patients (15.3 %) by the referring institution, compared with 1 patient (0.4 %) after MPCC review. Six patients (2.7 %) were discharged from the MPCC with no further follow-up required. 
Patients who Underwent Surgical Resection
Overall, 36 patients underwent surgical resection in whom surgical pathology was available for review (Supplementary Table 3 ). The MPCC and surgical pathology risk category correlated in 28 patients (78 %), as follows: benign (n = 2), low risk (n = 3), intermediate risk (n = 8), high risk (n = 5), and malignant (n = 10). The MPCC diagnosis was incorrect in 8 patients (22 %). In 2 cases, the incorrect diagnosis was found to be branch duct IPMN at final pathology but were misclassified as mixed IPMN at the MPCC. One case was originally thought to be an MCN at the MPCC as a result of the lack of communication of the main pancreatic duct on imaging but was found to be a branch duct IPMN on pathology. Two cases proven to be SCA were misclassified at the MPCC. The first had a solid appearance and was mistaken for a MCN with a solid component; the second was a macrocystic SCA that appeared to be communicating with the main pancreatic duct and was incorrectly classified as a branch duct IPMN. A lesion proven to be a retention cyst pathologically, which was associated with a cyst fluid carcinoembryonic antigen (CEA) of [4,000 ng/ml, atypical cytology, and a thickened wall, was incorrectly identified as a branch duct IPMN. One patient, in addition to the cystic lesion in the body that was diagnosed as a branch duct IPMN, had a mass in the tail of the pancreas suspicious for a pancreatic adenocarcinoma on imaging, with cytology revealing focal atypia, which was found to be autoimmune pancreatitis on surgical pathology. In this case, the solid mass observed on cross-sectional imaging was the indication for surgery. The patients' serum IgG4 was normal, and she had no extrapancreatic manifestations of autoimmune pancreatitis.
Patients whose Recommendation Was Changed from Surgery to Surveillance
Fourteen patients were recommended to undergo surgical resection by the referring institution but had this recommendation changed by the MPCC. Three were discharged because they had lesions with no malignant Table 4 ).
DISCUSSION
Over 18 million abdominal CT scans are performed per year in the United States. 9 It is estimated that almost 500,000 patients a year in the United States have pancreatic cysts detected incidentally on CT scans. 1 Identifying the type of pancreatic cyst and its risk of malignant transformation, as well as instituting appropriate management are essential for the appropriate care of these patients. International consensus guidelines exist to guide the management of these patients. 2 However, many physicians are unaware of these guidelines. 10 To our knowledge, ours is the first study to review the effect of a MPCC on the diagnosis and management of patients with pancreatic cysts.
The first step when evaluating a patient with a pancreatic cyst is to determine the type of cyst. This study highlights the difficulties that referring physicians have when caring for these patients. Almost 50 % of patients referred to the MPCC either had no diagnosis or multiple diagnoses, which ranged from benign, premalignant, and occasionally malignant differential diagnoses in the same patient. In contrast, multidisciplinary input appears to be helpful: less than 15 % of patients had an unclear diagnosis after MPCC review.
The second step in evaluating a patient with a pancreatic cyst is to determine the risk of malignant transformation of the cyst. This step is critical and is the key to determining whether patients can be discharged with no further followup, whether they will require surveillance, or whether they should be considered for surgical resection. In our study, the majority of patients referred for the evaluation of an intermediate risk of malignant transformation remained unchanged after MPCC review. However, in cases categorized as either high risk or malignant by the referring physician, MPCC review was important and altered the risk category in 50 %. Likewise, patients who were labeled as having no risk benefited from MPCC review, with 15 % assigned to a higher risk category. It appears that a multidisciplinary review is helpful in those referred with an unclear diagnosis, in patients with a diagnosis of a highrisk or malignant cyst, and in patients in whom the cyst is thought to be benign. In these groups of patients, review by a MPCC may alter their risk category, which in turn will affect their management.
The final step for a patient with a pancreatic cyst is determining which cysts require surveillance and which are at high risk of malignant transformation and should undergo surgical resection. These are important decisions: pancreatic surgery is associated with morbidity in more than a third of patients, with a mortality of between 0.5 and 5 % for a pancreaticoduodenectomy even in high-volume centers. 4, 11, 12 The MPCC altered the management of a third of patients assessed in the clinic. In the majority of cases, surveillance was recommended, with surgery recommended in just under 10 % of all patients, although no further follow-up was required in just under 2 % of patients who had benign disease. None of the patients in whom the recommendation was changed from surgery to surveillance developed evidence of malignancy during follow-up.
Despite a multidisciplinary review, 8 patients who underwent surgical resection were incorrectly classified. This highlights one of the key problems facing physicians caring for patients with pancreatic cysts: the inadequacy of the tests currently available to correctly identify the type of pancreatic cysts. The accuracy of cross-sectional imaging for classifying pancreatic cysts is reported to be 39.5-46 %. 13, 14 In a large prospective multicenter study, endoscopic ultrasonography fared little better, with an accuracy of just over 50 % for differentiating mucinous from nonmucinous cysts. 15 Although cytology has a specificity reported to be [80 %, it has a low sensitivity of only 34.5 %. 15 Cyst fluid CEA is currently the best marker available to identify IPMN and MCN. One multicenter prospective trial reported a specificity and sensitivity of elevated cyst fluid CEA of 84 and 79 %, respectively. 15 However, more recent studies have reported much lower accuracies. 16, 17 Molecular marker testing is available commercially; however, a recent prospective trial reported an accuracy of 56 %. 18 More recently discovered genetic markers, such as GNAS and RNF43 gene mutations, hold real promise in classifying cyst type. 19, 20 Ideally, combining clinical assessments, imaging studies, CEA analysis, cytology, and molecular markers together, either as a nomogram or a model, may provide the optimal approach. 21 This study has limitations that should be considered when interpreting the results. It is a single-center retrospective study. There may be a bias in the patients who are referred, with complex cases or those in whom the diagnosis is unclear being more likely to be referred for tertiary opinion. The diagnoses and management recommendations of the MPCC for patients who did not have surgery may not have been correct. However, of the 36 patients who underwent surgery, the MPCC risk category correlated with the surgical pathology in 78 % of cases. Furthermore, none of the patients in whom surveillance was recommended developed evidence of progression of disease. Long-term follow-up will be needed to determine whether an MPCC translates into improved outcomes and to confirm that the patients who were recommended surveillance do not harbor malignant cysts. Despite these limitations, to our knowledge, this is the first study to describe the effect of a multidisciplinary approach on the management of patients with pancreatic cysts.
In conclusion, multidisciplinary input associated with a MPCC is helpful in the management of patients with pancreatic cysts and alters the management of up to 30 % of patients assessed.
